Abstract-Since a fuel cell system has a low voltage output, it requires a boost DC/DC converter for the most of vehicle and stationary power applications. In this paper, a robust sliding mode controller for the current fed full bridge DC/DC converter for PEM fuel cell systems is presented. The details of the sliding mode controller for the converter are derived and designed with a dynamic PEMFC model. The proposed sliding mode controller for converter with the PEMFC model is tested through Matlab/Simulink simulation. The results show the robust dynamics of the sliding mode controller with respect to load changes and the fuel cell voltage variation.
I. INTRODUCTION
Proton Electrolyte Membrane Fuel Cell(PEMFC) can produce only about 22V~31V [1] , and hence a boost converter with high boost ratio is required to achieve high DC link voltage (350V~500V) for AC 60Hz, 240V outputs. In this case, the isolated DC/DC boost converter with a high frequency transformer having high step up ratio can be a good option since the nonisolated DC/DC boost converter may be difficult to accomplish such high step up ratio by only changing the duty ratio [2, 3] . In this paper, a current fed full bridge boost converter is chosen to design its sliding mode controller for the fuel cell application. Since the boost converter must cope with their nonlinearity, the wide input voltage ranges from the fuel cell, frequent load changes, and uncertainty in systems parameters in any operating point, a robust controller for this converter is designed to ensure stability and robustness with respect to the uncertainties in the fuel cell applications. In this paper, a dynamic PEMFC model is introduced to incorporate the boost converter in the section II. And in section III, IV, the state space converter model and sliding mode control algorithm is developed. Section V shows the simulation results.
II. DYNAMIC PEMFC MODEL
For the modeling of the fuel cell, a first-order dynamic model based on the effect of the double layer charging capacitance with an activation overvoltage term is considered [1] . In a fuel cell operation, the electric field is created on the electrode-electrolyte interface due to the chemical reaction Woonki Na is with the Electrical and Computer Engineering Department at Bradley University, Peoria, IL 61625, (e-mail:wkna@bradley.edu). Hoon Lee is with Caterpillar Inc., Peoria, IL(Hoon_Lee@cat.com). between proton and electron, which stores electrical charge and energy. By defining that a R is a sum of the activation resistance R act and concentration resistance R con, , the voltage drop across R a , will be V a as shown in Fig. 1 . Then, the first order dynamics of the fuel cell equivalent circuit can be presented as (1) [1] . With using multiple fuel cells connected in series, a higher output voltage can be achieved. Typically, a single cell produces voltage between 0 and 1 volt based on the polarization I-V curve, which expresses the relationship between stack voltage and load current [1] . Fig.2 shows that their relationship is nonlinear and mainly depends on current density, cell temperature, reactant partial pressure, and membrane humidity [1] . The output stack voltage st V [1] is defined as a function of the stack current, reactant partial pressures, fuel cell temperature, and membrane humidity: In the above equation, 
In equation (2) Fig.3 shows that the current fed full bridge boost converter circuit to be selected in this study and its equivalent circuit (b) of Fig. 3 .
During the Continuous Conduction Mode (CCM) from the equivalent circuit of Fig. 3 , the state space model of the boost converter is given using Kirchhoff voltage law (KVL) and
The state space representation forms of Eq.(6) and (7) [3] are as below IV. THE SLIDING MODE CONTROL FOR THE BOOST CONVERTER To design the sliding mode controller for this boost converter, typically two cascade control loops: an inner current control loop and an outer voltage control loop, are used since the change rate of the inductor current is much faster than the output DC link capacitor voltage dynamics [5, 6] . Therefore, the outer voltage is controlled by manipulating the inductor current, and the switching action from a sliding mode controls the inductor current to obtain the desired output voltage. Let us select a sliding mode variable s as Table 1 . MATLAB/SIMULINK software is used for this simulation. 
The nominal values of parameters for the simulation are shown in the Table III . Fig. 4,5,6 , and 7 show the simulation results of the proposed control scheme for the boost converter in the fuel cell application. In Fig. 4,5,6 and 7, the step load change is applied. The value of the initial load is set to 100Ω, and at 0.6sec, the step load change occurs from 100Ω to 50Ω and at 1.2sec, the other step load change is set from 50Ω to 100Ω. Fig. 4 shows the boost converter output voltage. Although it shows a certain level of transient when the load changes, the sliding mode controller works appropriately so that the feedback boost converter output voltage and inductor current can follow the corresponding reference voltage and current as can be seen in Fig. 4, 5, 6 , and 7. 7 shows the zoom in figure of the inductor current and its reference of the boost converter around 0.6 sec under the step load change from 100Ω to 50Ω. As seen in Fig. 7 , the sling mode controller is enforced with a 10 kHz switching frequency, and the inductor current of the boost converter can reach to its reference value within 10 ms with a small ripple factor due to switching. VI CONCLUSION A sliding mode controller for the fuel cell input-current fed full bridge boost converter is designed in this study. Based on the analysis in the paper, the proposed sliding mode controller works properly to maintain the output voltage at the desired value. The sliding mode occurs when the output voltage of the boost converter is higher than the input fuel cell voltage multiplied by the turn ratio of the transformer. Also the proposed controller does not require using linear control techniques for the outer loop voltage and provides robustness with respect to any parametric uncertainties and disturbances. The proposed sliding mode controller with a dynamic PEMFC model is tested through Malab/Simulink simulation to show the system response to step load changes and fuel cell voltage variation.
